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(ti) 



1. ftflMt 




as i n 



- 4i ffl ^ ti to ft 4a Q- % & ^ 4a to ^ # ^ £>j tt & ^ : - 4a 
to ^ «i ^-tc > ffl a t ^ «i - % .- *fr ^ it ft & - ^ — 

^ if ft JL % — ^ >fb & ( t r ans i t i on ) Bf #r iiJ t£ 4a to Ml it ft ; 

-msLiknmi-Tt'muit ik m I'j t $ - t a f t & t $ 

- It ^ 4= ft £ * # - ft 4b & it Hi - 4a to ;§. #J Irf t > * 
t ' t£ 4a to J: n it -ft * ^ it ft of Fal (duration ) i% & U % 

- & ^ it ft jSl ta % .=- It ^ ft fife ^ 4a to J: A * 4a ij- i% ; a 

- t i ^ it > # tg 4a to £ 4* *| to A t£ 4a to _ #J «t to' M 
,g;& m a 41: t£ 4a to J: #J it it ft ^ „ - £ - * * If ft a 4 

i i* 4a to J: 4* »J -f- 7t ' It iJ - I - f i^t ft a f l« 4a 

to g. n m ft ° 



i-(-)-^#^*.B^:^ 4 ffl 

( ) * *#^&ffl4L7t#'ft4t#ftjB5#.1£ i yi: 
_______ _____ _ _ . _ 



4 0 0 4a & Ml \k m ^ 

410 ft & M. n m ft 

420 f f. it 
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3.>%m^m (i) 

&few%,-Hte&M%- fa m b ' ft #\ & 
m n m. &- % & 4@ fa m ^ fa am n ° 
I & # 41 #r ] 

4a i€ 5&( phase locked loop ; PLL ) - & ^, ^ i£ 3& 

^Amt^M^H^ji^i^^^f^i^ - -£ ^ ^ i$ 

ffl >£. ^ ^ ^ ic( frequency synthesis) • J96. / #t 4fc EJ 
(clock/data recovery) • E 1 ^ >S l^(clock de- 
skewing) ^ ^ m ^ _l • -^^^i^^CPLD^^^r^^ 

tb^^sis^-CAnalog PLL ; APLL ) it 4ft # 4a ^ 
(Digi tal PLL ; DPLL) ° 

- *fc #j *t -fit #; 4a s& # #c,3!*£3rJfe®*nglffl#T 
^ ' & 4a 4ft $1 # 4£ m H 1 0 0 - 4a 4ft £_ * 4b H (Phase 
Error Quant i zer) 11 0 * IH4 I 'J f i(Digital- 
Controller Oscillator ; D CO ) 1 2 0 a Bl fife- m % s& 
(Divider)130 ° 4§ 4ft ^ 4it fc"J II 1 0 0 6*j 4t ffl A tb <fe EJ 4£ it 
life F i |^ 4£ life F r # 4a 4ftM. » ii 4& # ^ * 4a 4ft ^ 4» dJ 4a -fit 

Ml it life ° - l& 4a 4ft -ft fife 4& ^ 47UP -ft !^ -5LD0WN 4= life ' * fts 
ifft fife 4i -51 ft! £ *. 4^ 4b ej ^ 4f SfeFi $fr 4£ ftFr # #1 4ft 
6d A 'h - 4a 4ft £ 4 4b n 1 1 0 i% i& t$L\JP it life ^DOWN it life ^ it 
life 46. -SL m £ ' * 4a 4ft £ #j A * a *t 4ft * 4b ( Q u a n t i z e d ) 
m IT & 4$ dJ - tf *t 4t life ° ftlt*Lfe*Jt4S( D'CO ) 1 2 0 # 
4& $ tf ft 4f 5fe X * $fr dJ 4a m 4l - & it lifeFo » t >£ * ^ 
* ' di 4f fifeFo m m >v 4= lifeFr ii ^ - £ 4a is) . - # 




i ♦ (2) 

A it ftFo # ft ^ & & ^ 4£ ftFr ^ &t > & it ftFo »>£ 21 & Q 
i&fife-«f;a&-130i&ft&. ' * 4a -fit ft # #J ft 1 0 0 *J © & 
If ftFi ^ ^ it ftFr 6<j. ..-fit M. • 

$ 2 si £ f *° >fi $i # ^ *i • §§ ( pfd ) # t m- % & m ' £• 

t & ^ ^ 48 D ^ it & g (D-type F 1 i p -F 1 op ) 2 0 0 * 2 1 0 - 
4@ AND M 2 20 •D^jL&3l200*,teft*fr^i&(D)#*--i«&« 
* * # ' ffi a & 4fc - $ -fit * -ft * ' m A. ( CK ) # J8 
W & & A. -ft ftFr • ft A ftFr & $ 4fc ^ if ft . gij <§g 
..^ t^iL^^200*'ffft^tH^(Q)^rttl^>fiLi^^ft - jL^n 

A^(CK) #> « a # ifc E7 # -ft ftFi ° AND ^ 220 4l pfc #1 -ft ft fir 
A. *& ^ #j & jl H 20 0 A210 4l 4# ft tft dj *£(Q) # ' * -ft 
ft *fr itJ i% $~ m 1% iE BL H 2 0 0 A 2 1 0 ^ 4 4 ft ^ H a i^(RB) 

# - *@ ft # *j n ft tti ft j§. & n- #- % % 3 a m z- m s 

ft tf ° Mt^X^rt i-J 6<b ft ^ £.j ft t #j ft ft % % - ff- 
85 # t ^ ' a F r it ft ifr F i -ft ft fr\ » fFril tl&A£i 
it 2 0 0 . jL£LH200*frifaUPte«; • U P « ft * Pit F r « fj- A » 
ft^ ° JL5 , JFi'ffft^r^vjL^^210B# . Jt^^210^rtfa DOWN 
|gtft ' # *pD0WN -ft ft # l& F i 4£ ft- is, & to i£ - <&UP if ft & 
DOWN If ft £ % % iSL i£ • ^ ^ /v ^ ^.J <fcUP -ft ft I^DOWN 
^ ft 4LAND M22 0 ^ # *fr A -4£(Reset)^fft^^J^^jE 
& H 2 0 0 >210 t f iiS.i 20 0 -210 ° itJE^^200 - 210 
^ *J A ^UP it ft #D0WN <f ft % EJ f'J ^ <it • -tFr ^ ft & 

^ F i 'f* ft ' ^ jL SL H ^ *!? # 3S 4i fSJ • ^/f fs] ^ ^ afcb B^ 
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i » %r*BOLW (3) 

JE. & H 21 0 It ib ^DOWN ft ft * & & fh £ * to • & & & A 

«: fr & $ to J£ iftUP -ft ft - jsj It ^vAND M 220 • & 4* AND WJ2 20 
It- its «. -ft ft ^ #] 4 * iE. & 3§ 2 0 0 - 21 0 ' & JL£g 

20 0 - 210 ^ J5'J It iU ^UP -ft ft #DOWN -ft ft £ EJ $•] feft^l « it 
H &UP -ft ft J&DOWN If ft * & i% ilb to 3M# ft • a # 

*° It ^ -ft ftFr & EJ # ft ftF i # 4a to. tf) m & & ^ ' it # * 
UP -ft ft ^DOWN it ft H. fr S. A -fit ipt ^ & « £ ft £a # *» 4a to 
41 & * & & #J A * • 

4a to m #• # 9>J 3§ # EJ ^ ft ftF i n It ^ -ft ftFr #j 4a to £ 

m x 'hwtfti^ftffw • f t i ^ t I ^ #: ^ ^ ^ 

^ *J f>J #J EJ ^F i ^ It ^Fr m 4a to £ ft * J: - & ^ jg # 
7t#^l^^ts^#-tiii^^m • Ok & JL Bl B m ^AND- 
ffl 6*; i§ H it * 4P it % %L it W ( d e 1 a y time) ° #«] *i : # It 
^ ft ftFr l& EJ ^ ft ftFi ^ #J It ^ 5. it 5. 11 20 0 ,5.21.0 b£ - jl 
Sl H 200 -SL2 1 0 ^ m & $■] It ^ -ft ftFr EJ it it ftFi & • # j 
M & - & j£ it b# jyj ' * « f'J ANDW/ffrlfriUiii^ 

ft ° J£ it 6*j -ft & 4s to £ A * & & % K %L %L m #j m 

% » 2* it Bf ft ^ # ft ftF r #| EJ ^ ^ ft F i #j 4i to. H ^ 

/h ^ 4& dj it ftFo ^ IM * H: # £. « # 4ft- ^ -ft ftFr 

* ej # <f ftF i 4a to ^ ^ /J^ • _L it ^ it fj- It 7^ -ft ftFr & ej 
^ if ftFi 4a to ^ 6^ A 'J^ ^ It dj ^t ft Fo 6<j M #, 
A ° JL # It it ftFr ^ EJ ^ it ftF i 6^ 4a to M. >b S'J - £ #J a 

^ 4fc ' it 4a to M ^ <* *J a m It * ^UP <f ft ^DOWN ft ^ 
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i » (4) 

* & & «. € ^ m *»j « & * 5. & & * & & -t s& ^ m $<j it 0 

31, ' ifc 'If >X t HI 4: ^ £ (a (dead zone) - ffl f ^ 4a 

m ^ 3US W&ft^^M^iSit ' * >v if • ft F r & EJ 4£ 

it ftF i # 4a to £ /J> ^ - m Bf flfc -ff sfe ft . 4 4b it $f ^ & 
f'J £• 4s to #j J: > & ^ # $fr it! - tf t£ ft ft ' *» $ 3 B ffl #f 

0* ° ?P S £° $t fa m 4a m «&■ *f 4s to £ # £ It & ^ £ * A - 

[ # m ^ ] 

l^^lljil^^IJI • a #1 >£. & to & 4l *S S3- * ' & # 

* £ ^(Dead Zone) #}^^jti£&f3^t&tM1Kglitch) 6^3 

J. 4. ' fete fa £ >b & - 1® H£ if ft 8f . it -T «: $ to 

*■ # a £ #T 4% ft 4§ fa m ^ j»] € ( -to % 4 ffl m ) eL ^ : 

- 4s to n #j jf tl-4 0 0 > m u t ik m m - % - m ^ it ft * 

- Jjl ^ ^ -ft ft % - tft-fb ^(transition) of 4ft dj i£ 4a to 
M. it ft ; - 4s to £ #J if 7c 4 1 0 ' js a -tr ^ »J f <J t£ £ — & 
^v^tft^L^^^^^-ff ft £ * # - £ 4b ^ #r rfj - aL £ 

mM m it ft • £ t ' t£ 4a to £ iff it ft 4l ^ ft b£ m 

(duration) i% & t& % - & ^ it ft A i& % — %t ^ it ft 4l 4a 
to Hi A ^ 4@ *f : j-x A — 4 * ^ 7t 4 2 0 ' & 1^ 4a to i\X m 
^ 7t &. m 4a to M- H m JP- it ^ #■ ' ffl a tit it 4a to £ H W it 
f^i-l-f If taf f t^iftiii SsI # 7t > ii ^ tb 

- I ^ f i f t a f f I ^1 & 1 #J Iff * it » 
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i » &WiSLW (5) 
[ t * A ] 

3Mffl#. & ft#*#- f »/3 4L&te5t$fc iH *fr ^ 4a to 45 
$ >I'J 14:^)1^4 8 ° # m ^ # at >£. 3fr .fife- T 4a to £ ^ *J 
f-^40 0 ^^h > sS «t tf - 4a to £ *J if * 7C410 A. ± 1 -f- 7t 
420 - 4a to £ #J if # 7t410 -H 4a to £ ^ m tg400 13 # *b 4£ 
•Itt Ajf tFr A EI it jf tFi ■ 1ft It A jf tFr & ^ 
ft F i 4l 4a to £ It dMa to JM£ ft 5. :t ^ iL4 2 0 ° ^^^-tg 
42 0 ft * 4a to & -ft ft 4ft dj $ - 4 £ fir ft *. t 4 4a to £ ai 
-f- iL400 » it 4ft £ # .=. 4 s. it ft & 4 * 4a to £ #-J iff * it 
^% 1 0 • ^5Sl^ft^^4K#t-7p:4L^^^^Lib4L4ato^^^ 
*j Site^t^l ° £ t ' 4a to £ m °4- tL (Phase-Error 
Detect ing)400 i% & & % - SL H 4 0 1 * H ~ jL ft 4 0 2 > 
$-Sf l^it403 l$ - f!t£JF-7t404 • £- t ' $ — JL 

sl tt 4 o i m % - jl & n 4 o 2 #, % d ^ jl ^ n • * it ft 4ft ^ ^ , 

( D ) 4° JJ& it ft 4ft ^ «6 ( CK ) #t 4£ ^ -ft ft A * .x. ^ # a % . 
^ #J & £ 2 Bi #r #fr ^ SL Bl H 2 0 0 - 2 1 0 4a n M ' t I ft # 
X «L ^ ' ^ itb ^ # * i& • % - SL Bl H 4 0 1 #a % — jE 
^H4024L^ft4ft[b^(Q)^«iJ4ftA^-4l^(Flag 1 ) -ft 



^ j=. 41 ft (Flag 2) ft ft • * t • 
-ft ft ' £ ~ 41 ft -ft ft &D0WN 1= ft c 
4£ -ft ft F i 4ft ^ 4a to It ik m it 4 0 0 ef 

a ^ - & m it ft ' ep up it ft - & ' 

A if ftFr 4ft ^ 4a to J: ik m °4- tL400 



% - 41 4^ -ft ft ^:UP 

* 4ft dJ -ft ftFr 4* & ej 
^-i^E-401^^r 

# ^ it ftF i 41 ^ 4ft 
% — JL & ^ 4 0 1 4ft 



Ifc ^ — ^ ft ft • ?p DOWN ^ ft o # - 41 ft if ft A % ~ ft 
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2. » feWiSLW (6) 

& $t ir &\ & s< M. % - m & 3L 71403 ZL % — m 




fli $ * * 7t,404.t ANOR.W ■• 9 - « t * * Tb-4 0 3 4ft ffl « $ 

— JL £L it 4 0 2 ■ % 9 — ft 4 l J(L 7b4 0 4 4ft ffl U ± 1 « - 
JE-^H401 « ^-^$S^-7t403a^ — ?I4^f-7G404^_ 

^ I ^ f f I- tg420 ^ • ^x^^Sf t #^ 

& #j «t ° 

j£ W «t f+ - 4a i£ J: £•] iff * it4 1 0 ' ffl a £1 »f *fr itj -ft fjr a 
^ -ft ftF i 60 4a is. Ml A * • a A i i ^ tL420 • ffl w *fr ft 
# 4 -ft ft ' #J f i^Utili %*] t&40 0 -SL *a to £ #J fifr 
7G 4 1 0 - 4a ii £ #J iff * to 4 1 0 4ft & ^ % JL Bl ft 4 1 1 * Jjl m . 
JL & §S 41 2 JIAND W413 ° * t • % ^ JL Bl H 411 £L J£ vs JL JSL 
H 4 1 2 & ^ D m JL Bl g ' if t t A ^ ^ affUl t ^ A m # 

^^teftJLt&#,*a^;3']&£-j£^g401JL#j= f jE.£.3S. 
4 0 2 4a ft M ' tt #- as M 3l t& W • ^ ^ # W idL ° J£ =- JL 
R. H 4 1 1 Bl % m JL Bl fi 4 1 2 i% ffl JX ^ J5«] i& $ & ^ it ftF r A EJ 
^ if ft F i £b — % -H. 41 # ( F 1 a g 3 ) if ft * - 3^ ^ # 
^Flag 4) if ft ^AND f?1413 - #^=-JL^^411^^raiL^ 
H 4 1 2 ^ #J # ^ i-J & ^ if ftFr JL EJ ^ if ftF i b£ . AND ffl 4 1 3 

*-#L#£=.4S*teft.SL#Gg ^ # it ft & a* ^ £ ^ ft $ 

£ * tl420 • ± £ Jf ^,420 # % - D ^ JL Bl H • * if ft A. 

( D ) ffl a # ^ # ii ^ if ft ' M Hr ^ ( CK ) i% m u & 
Ml ^ tilk it ft ' # «ll f >J 4a fa Ml it ft . jl a H 4 2 0 * $ - 
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JL - %rW1&*8 (7) 

it fife ^ itj «S ( Q ) 3£r A £ - t t. -ft * 4 * 4a to £ 4* *I * to 
400 ' i£&ljl^-'fffife$frd3*ft (QB) l^iU l-f I^IStf i 
4a fa H n m * 7C41.0 • 4a to Ji #1 if * tc.410 ^ t f. € 5&420 

%l & ft Oh i$LW ' #«-^4-^6@4LBf^7F^g| , ^ 
*k&&WffT&.&*-tefaM & ik m n % % n- 7t ft % 

m. m # t ^ 0 t ^if fifeFr 4l 4a to ^ ifr EJ ^ 4f fifeF i b£ . £ 

-~JL&S401^ff=.jL&Sg411^^J|SIi^*&iij*^tl|t4L*- 
41 ft -ft fife A £ =- 41 ft it fife ° itb af . ^ H ^ &<] 7t4 0 0 # 
*W £ to ^ UP if fife ° PO"**-##flrft^*&>^i»-fli 
* * * 7t40 3 » II 7t403 

fife 4 4 £ — JL ^ H 4 0 2 > $L $ zz. i% ft it fife > Bp DOWN if fife 

0 # 4a to & EJ ^ -ft fifeF i Jft #r ^ # — it §§ 
402itJj?E?iLilf§412Bf . jijL^g 402 4^f iH^ 

& ' Afc ^ # dJ » — ft ft it fife - itb Bf . $ £ ft if fife fl'J ^ 
& & fa ° & ^ % =. 41 ft -ft fife -SL ^ E9 41 ft it fife t & $ ^ 

• AND ffl € 38-41 3 # its 4s to Jt n m it fifePE i f i| it 
4 2 0 ° ^%^7t^&T-m^M.it^ftft^$k&%-±% 

!#u5.^-fIt£-¥-^403^^^^ti^-7t404 • ilL % 
' ~ ft 4 Sl I 7t404 $ 4 g - jL ii 40 1 - itb . £ - 41 ft 
if fife ' Bp U P 4= fife # 44 EJ 5. i& to | ° 36 >£ * 6<7 A - 
frj t ' 4 I | 7t4 2 0 4fc fj 4a to £ #J iff if fifePE ^ t ^ T - 

i@ jj& it m ' * ir %k £ $ - 4 £ it fife - t^r^^tii- 

JL^1401^^^i^a402 o *o jtt ' tA^ftFrAB 
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(8) 

8t %L?i % ft fa Mi ' it 4a to £ * ^ - 1® A 

5fi *! ' *fr tb ^ to #UP -ft ^ ^ ^DOWN it & #t#n^^ 

- -fa. it ^ ° ^ jtb ' m. ^ * it n t »r ^ & «Hc #j up it 

i&DOWN iltlit • 4fc4^«"W/9f«:JiJ4L^i fa m # <ft £'J ^- to 
ft 4s to £ #J 2 & ^ tb f ^ * ^- i% 1^ £ • I^Bf ' ± M. 
7t420#^A «^*JL#*^*J**i*=.jt&S411iLJ(5 

JL ^ H 4 1 2 • ^ # « to ^ ^ $ =. £ # If A 3£ EJ ^| # i% 
fan & $>\ i&fa '^ ° # ^ -ft l&F r 4l 4a fa M- '4l m it SfeF i 

*^%L m ^ i£i ' tf #- # # 6 B| ^ Bf ^ ® #f 7F > ^ itb ^ # f- i& ° 
tt # #- as |5| , & ^ # - jL ft 4 o 1 Bl % — SL SL H 
402^^J^^=.jL^H411^^rajt^H412^i^ii - A ^ • 
^^^i^I^jL^g^^tifc^^tAi ^ ^ S £ 5£ ^ 4a 

3r fa ft ° ^itbgp^^^^l^-^jL^Eit^i^^^^itB^ ft 
f t ^ ^ % ^ f ¥ o at, ' ^t*^J^ffl f £*/t420 A 
4S to £ # : M 7C400 ^ $ - f I $ 4 Jf- tl4 0 3 ^|-Sf f f 
7t404 ^ m & % ft ' ^Fr/Fi -ft 4a to £ ^ - m ^ Ilk 

M^M I ' ^4 ^UP it ft &DOWN -ft -t" # 'J? - #1 «k m. 

m ' iSt # ^ * ^ £4 H: ib 4l *3 to M ^ ^ ftl ^f- it St 4a to Ml S 
A A ^ «: A • 

JL^H4211^^h • J1^4t-f^iL^^4212 • $ ffl a ^ ib 




S- > ®Wt£W (9) 

% - $[■ * i$ & & % ~ ft $L Z * k4Q3 3L % ~ m fL 3L K 
404 ' Jk&ftft4ftii}ifc£#NORffl42234fc#- ' ffl a t * | ^ 
4£ff&^#:=iL,5Lli41lA#E9iL,5l§|412 »■ |l£il 
4211#|.^5Blt***ic.420^jL'&SS^a|Sl » ^^^JL^H 
4212#^iiL^il4211^f5]^^^^ . £. Bf m -ff ft £- ^ j$ 
( CK ) i% #■ >)£ & 4a jjfe If ftCKB • & # |SJ b£ ift. f'J 4@ ffc #J 
if ft ifePE . ^ijL^H4211^^^JL^^4212^rA^^ 
- i £ it ft il $ — ± t ft ft #j H * 4a £ 4- 41 *6. it #9 ° 
& — 1f sfc #-J 4a fcfc ' % — * «fe #J ^ at 1 ^ 4 ifc » ^ ^ - 
1% & #j t ' * 4a to £ i»f it ftPE #r $ i ^ 7t420 $ >J $ ^ 
Jf- tc420 #r * % - a * — t: i ft ft tfj r^j n * % - f@ of 

4211 » 4a fit £ #| iff ft 3fePE & ^ i £ Jf- it420 i'] f 1 |- tc420 



iB ^ - a £ — 



ft ft m Bf £ & -k ii. % ¥ i® m. m. 



*41 • % 7 ffl t % to t ^- it # ^ jr. ^ ^ ji ^ n g 5 ffl ^ ^ 
^■*4Lf;ag.7b#^ais] > ^ itb # f- i& ° 

# a ^ JL A # =. * £•] ' % 8 fa m 7F ' % 8 ffl & % 

^m^^m^-M,^^ ' ^ ^ 8 m t • 1 1 ^ ;t42o ^ t $ - 

:t£^7t42l4L*b > Jt^^-^-^44^-7t422 ° $ - t: £ 
Jt±2 \ & & %, SL Bl n ±2\\ 8l %, ^JL^H4212 • 

^ 3£ * # ^ 7 ffl t 4a «■ m 4l € ^ it # 4@ isj , n jtb # t" 
° ^ — ^4^-7t422^^-^-ti^S-4221 • & it ft ^ 

A^^iijL^i42ii^jtt^4^^# ' j. * m. i t ft 
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3. * ®W%L*R (10) 

ft ^ fa & ifc Bf jj& If §&CK ' J-xA-#^jL^H4222 ' * -ft 
3fe^^«fe^^AjL^M4212^^at*&dJ^^^- ' J. & b£ j& 
'ft Hr ^ 4£. *t .Sl 4a h£ Jfc -ft l£CK B ° & g - If fa iH & % 

— 1t «fe 4§ bb ' I = f?fel?K & 1^4^^ ' # & if «t IP 

— 4^^-7t422 • J-Xig&ft#1&t&>ft(glitch)#££ - * 

^ 41 -fi J: H m it l£PE jL£.#BfM . # 49 to ^ *J l§T 

4f f&PE & ^Jfoft&&BL&v$Bk1$$imi$tes^%3.jLBLn 
4211 & % ^ SL & % 4212 s$ . it % 3. JL J5L % 4211 & % 

sl jsl n 4212 *l $i m * & ' &$£m*$i&m.tei*i#iiaiz-% — 



•* £ 








% 




% it ffi. ' £ -ft !^ to if- if 4 ^ A to 
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